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1) The cytotoxicity mainly results from the inhibition of 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase, a key-enzyme in the endogenous cholesterol synthesis pathway. In dividing cells exposed to active concentrations of oxysterols, formation of plasma membrane was impaired and thereby their growth was prevented or severely hindered. [1] [2] [3] Moreover, the interaction of oxysterols with plasma membranes following their insertion into the phospholipid bilayers could lead to structural distortion, which may also participate in their cytotoxicity. Also, oxysterols have been reported to affect the membrane enzyme activities, 4) permeability of ions 5) and proteins.
6) It has been reported that 7b-hydroxycholesterol (7b-OHC), one of oxysterols, and its derivatives exhibited a pronounced cytotoxic activity against tumor cells in culture and its cytotoxicity has been shown through apoptosis pathway. [7] [8] [9] [10] [11] [12] [13] [14] Lung cancer is the most common cancer worldwide, comprising 17% of cancers in men and 7% in women. 15, 16) Several studies have reported that 7b-OHC has anti cancer effect in various cancer cells. [7] [8] [9] [10] [11] [12] [13] [14] 17, 18) However, there are no studies on the anti cancer effect of 7b-OHC on lung cancer cells. The purpose of the present study was to elucidate the cytotoxicity of 7b-OHC on NCI-H460 cells and its underlying mechanism.
MATERIALS AND METHODS
Cell Culture NCI-H460, human non-small cell lung cancer cells, was obtained from the American Type Culture Collection (Rockville, U.S.A.). Cells were grown in RPMI 1640 medium supplemented with 10% fetal bovine serum, penicillin and streptomycin.
Reagents 7b-OHC was purchased from the Sigma chemical company, St. Louis, U.S.A., and freshly dissolved in ethanol and the final concentration of 7b-OHC did not exceed 0.2%.
Clonogenic Survival Assay NCI-H460 human lung cancer cells were seeded into 60 mm dishes at a density to produce approximately 300 colonies per dish and after treatment with various dose of 7b-OHC, the cultures were incubated for 14 d. The resultant colonies were fixed with 75% ethanol and 25% acetic acid, and stained with trypan blue. The number of colonies consisting of more than 50 cells was counted.
Flow Cytometric Analysis Flow cytometry was performed to determine the apoptotic sub G 1 hypo-diploid cells. 19) After 48 h of treating NCI-H460 cells with 7b-OHC, the cells were washed with ice-cold PBS and fixed with 70% ice-cold ethanol overnight at 4°C. Fixed cells were washed twice with PBS and treated with 1 mg/ml RNase for 30 min at 37°C. Cellular DNA was stained with 50 mg/ml propidium iodide and 2 mM EDTA-PBS. Cells were then analyzed by FACScan flow cytometer (Becton Dickinson, Franklin Lakes, U.S.A.). From the analysis of DNA histograms, the percentage of cells in cell cycle phase was evaluated. Cells with DNA content less than the cells in the G 1 phase (sub-G 1 ) were taken as apoptotic cells.
Fluorescence Microscopy Cells were treated with 7b-OHC and after 48 h, the cells were washed with ice-cold PBS and 1.5 ml of Hoechst 33342 (stock 10 mg/ml), a DNA specific fluorescent dye, was added to each well (1.5 ml) and incubated for 10 min at 37°C. Stained cells were observed under a fluorescent microscope, equipped with a CoolSNAPPro color digital camera, to examine the degree of nuclear condensation.
Fluorescent Measurement of Intracellular Reactive Oxygen Species (ROS)
The fluorescent probe, 2Ј7Ј-dichlorofluorescin diacetate (DCFH-DA) was used for the assessment of intracellular ROS amount. 20) After plating the cells in 60 mm dishes (1ϫ10 5 cells/dish), they were treated with 7b-OHC and after 24 h 10 mM DCFH-DA was added and incubated at 37°C for 30 min. The supernatant was removed by suction and after trypsin treatment, cells were washed with PBS. Fluorescence of DCFH-DA loaded cells was measured by a flow cytometer.
Measurement of Mitochondrial Membrane Potential
Mitochondrial membrane potential was determined as the retention of the mitochondria-specific dye, DiOC 6 (3). 21 ) Cells were treated with 7b-OHC and after 48 h, cells were loaded with 30 nM DiO 6 (3) and incubated at 37°C for 30 min. The supernatant was removed by suction and after trypsin treatment, cells were washed with PBS. Fluorescence of DiOC 6 (3) loaded cells was measured by a flow cytometer.
Western Blot Analysis Cells were treated with 7b-OHC and after 48 h, the cells were harvested, and washed twice with PBS. The harvested cells were then lysed on ice in 100 ml of a lysis buffer [120 mM NaCl, 40 mM Tris (pH 8), 0.1% NP 40] for 30 min, and subsequently centrifuged at 13000 g for 15 min. Supernatants were collected from the lysates and protein concentrations were determined. Aliquots of the lysates (40 mg of protein) were boiled for 5 min and electrophoresed in 10% SDS-polyacrylamide gel. Blots in the gels were transferred onto nitrocellulose membranes (Bio-Rad, Hercules, U.S.A.), which were then incubated with primary rabbit monoclonal-caspase 9, 3 and -poly ADP-ribosyl polymerase (PARP) antibodies. The membranes were further incubated with goat anti-rabbit immunoglobulin-Ghorseradish peroxidase conjugates (Pierce, Rockland, U.S.A.), and exposed to X-ray film. Protein bands were detected using an enhanced chemiluminescence Western blotting detection kit (Amersham, Little Chalfont, U.S.A.).
Statistical Analysis All the measurements were made in triplicate. The results were subjected to an analysis of the variance (ANOVA) using the Turkey test to analyze the difference. pϽ0.05 were considered to be significant. 7b b-OHC Induced Apoptosis in Human NCI-H460 Lung Cancer Cells Subsequently, we investigated whether the reduced clonogenic survival by 7b-OHC was associated with induction of apoptosis. Sub G 1 -hypodiploid cell population and apoptotic bodies (indicators of apoptosis phenomenon) were formed, which indicated the occurrence of apoptosis. As shown in Fig. 2A , sub G1-hypodiploid cell population was enhanced to 26% in 7b-OHC treated cells, when compared with 5% in control cells. The microscopic examination for formation of apoptotic bodies by 7b-OHC was also carried out (Fig. 2B) . Hence, the present result demonstrates that 7b-OHC induces apoptosis in NCI-H460 cancer cells.
Loss of Mitochondrial Membrane Potential and Caspase Activation Are Involved in 7b b-OHC Induced Apoptosis To assess the induction of apoptosis at the biochemical level, changes in mitochondrial membrane potential, activation of caspase 9 (the initiator caspase) and caspase-3 (the major effecter caspase of the apoptotic process) were determined after treatment with 7b-OHC. Treatment with 15 mM of 7b-OHC decreased DiOC 6 (3) retention, which reflects loss of mitochondrial membrane potential (Fig. 3) , with 39% of DiOC 6 (3) retention in 7b-OHC when compared with 89% of DiOC 6 (3) retention in control cells. 7b-OHC treated cells also showed the activation of caspase 9, caspase 3, and PARP cleavage (Fig. 4) . These findings suggest that 7b-OHC modulates caspase activity followed by the loss of mitochondrial membrane potential, thereby inducing apoptotic cell death.
7b b-OHC Generated Reactive Oxygen Species (ROS) It has been reported that the generation of ROS regulates apoptosis. [22] [23] [24] To investigate the relationship between ROS production and apoptosis induced by 7b-OHC, the ROS sensitive dye DCF-DA was used to detect ROS generation by flow cytometric analysis (Fig. 5) . 7b-OHC treated cells resulted in ROS generation with 220 of fluorescence intensity, when compared with 117 of fluorescence intensity in control cells. These results indicate that ROS generated by 7b-OHC may regulate apoptotic process including intracellular caspase signaling. DISCUSSION 7b-OHC gets inserted into the phospholipid bilayers, and affects the plasma membrane formation and homeostasis by inhibiting the endogenous cholesterol synthesis. [1] [2] [3] This action of 7b-OHC could be a determining parameter for their overall action on cell growth and cytotoxicity. Our data suggests that 7b-OHC exhibits the cytotoxic effect on human NCI-H460 lung cancer cells in vitro. 7b-OHC decreases the survival of cancer cells via apoptosis pathway. Apoptosis is an important biological mechanism that contributes to the maintenance of the integrity of the multi-cellular organism, which is dependent on the expression of cell-intrinsic suicide machinery. [25] [26] [27] [28] [29] 7b-OHC treated NCI-H460 cells exhibited the apoptotic characteristic pattern of sub G 1 hypo-diploid cells and apoptotic bodies. It has been reported that apoptosis pathways is involved in the alteration of mitochondria membrane potential, and the activation of caspase 9.
30) 7b-OHC modulates caspase 9 and 3 activities following the loss of mitochondrial membrane potential, and thereby induces apoptotic cell death. ROS, which are the byproducts of normal cellular oxidative processes, have been suggested to regulate the process involved in the apoptotic signaling. 31, 32) Since 7b-OHC generated ROS during apoptosis process, it was evident that ROS may regulate apoptotic process including intracellular caspase signaling. Hence, in the present study we have shown that 7b-OHC brings about apoptosis of NCI-H460 cells, and thereby mediates cytotoxic response. 
